SYNOPSIS A review of the previous histological classifications of Hodgkin's disease seems to show that they are insufficiently accurate in regard to prognosis and difficult to apply but a detailed study of a large number of cases suggests that certain criteria allow of subdivision of the disease into types.. These criteria are the proportion of mature lymphocytes, the presence of plentiful mature histiocytes, the presence of fibrous nodularity, and the numbers of abnormal reticulum cells and their degree of anaplasia.
In 1832, Thomas Hodgkin described seven patients who had a disease characterized by generalized lymphadenopathy and splenomegaly, to which, in 1865, Wilks gave the name Hodgkin's disease. The aetiology of the disease is as obscure today as it was then.
The terminology associated with Hodgkin's disease is confusing. Greenfield (1878) Stemnberg's (1898) work. Letterer (1924) introduced the term reticulosis to describe any progressive hyperplasia of the reticuloendothelial system; on this basis, Pullinger (1932) referred to Hodgkin's disease as fibromyeloid reticulosis, and Robb-Smith (1938) (1944) A major step in classification was the work of Jackson and Parker (1944) , who divided Hodgkin's disease into early Hodgkin's disease (later called Received for publication 24 July 1968. paragranuloma), granuloma, and . sarcoma. This classification has been used for many years and the proportion of these three types of Hodgkin's disease as reported in the literature, is seen in Table I. Paragranuloma has long been recognized as having a favourable prognosis and Hodgkin's sarcoma a poor one. These two groups, however, represented less than 20% of the total number of cases of Hodgkin's disease. Smetana and Cohen (1956) Wright (1956) Hilton and Sutton (1962) Hanson (1964) Lukes ( (1950) and Aisenberg (1964) that clinical 'staging' of Hodgkin's disease on first presentation of the illness was a more reliable guide to prognosis than histology. (1966) Lukes (1963) and Lukes and Butler (1966) proposed a classification based on the predominant histological features: (1) lymphocytic and/or histiocytic nodular; (2) lymphocytic and/or histiocytic diffuse; (3) nodular sclerosis; (4) mixed; (5) diffuse fibrosis; and (6) reticular. They claimed that there was a 'definite relationship between the histological findings, clinical stages, and survival'.
CLASSIFICATION OF LUKES AND BUTLER
They emphasized that 'numerous terms have been proposed for the lesion with a predominance of lymphocytes but none clearly reflected the histologic character or the almost constant association with histiocytes which at times may overshadow the lymphocytic component'. There is some doubt as to what Lukes and Butler mean by the term 'histiocytes' and this is discussed below.
Using the terms lymphocytic and/or histiocytic, diffuse or nodular, Lukes andButler (1966) recognized four histological types originating from two of the types of Jackson and Parker (1944) . 1 Cases which would have been called 'paragranuloma' by Jackson and Parker (1944) : these showed a predominantly lymphocytic proliferation with few histiocytes and were divided into nodular or diffuse.
2 Cases which would have been called 'granuloma' by Jackson and Parker (1944) and showed a predominance of histiocytes, divided into nodular and diffuse.
Thirty-three out of 66 lymphocytic and histiocytic cases in the series of Lukes and Butler (1966) showed histiocytic predominance. The survival time in the lymphocytic and histiocytic cases was long but failed to show such a significant difference in prognosis as to justify separation of the cases into nodular or diffuse.
The third and fourth group of Lukes and Butler, ie, nodular sclerosis and mixed cellularity, are subdivisions of the 'granuloma' group of Jackson and Parker (1944) . In their series, Lukes and Butler (1966) considered that 40% of all their patients with Hodgkin's disease were of the nodular sclerosis type, a figure which has not been approached in any of the other series; the highest incidence was 150% (Hanson, 1964; Harrison, 1966; Cross, 1968) . The reason for this discrepancy would appear to stem from the fact that Lukes and Butler (1966) based their subdivision largely on the amount and pattern of fibrous tissue; they placed great emphasis on the birefringent character of the collagenous fibrous tissue. The presence of birefringence, in my opinion, merely reflects how long the fibrous tissue has been present in the lymph gland. Nodular sclerosis was considered by Lukes and Butler (1966) to be a lesion of major prognostic significance in stage I cases (Peters and Middlemiss, 1958) Fig. 1) , they are stellate in appearance; the nuclear membrane is well defined, the chromatin arranged in small, fine particles and there may be one, two, or three small darkly stained nucleoli.
Histiocytes These are 10 to 15 ,u in size (Fig. 2) , the cell outlines are distinct, and there is abundant pale, often staining pink, slightly granular cytoplasm. The oval or kidney-shaped nucleus is usually situated at one pole of the cell, leaving a considerable amount of cytoplasm evident. The chromatin particles are fine and distributed evenly throughout the nucleus. The nucleolus is small and darkly stained.
Abnormal reticulum cells (Sternberg Reed cell) The abnormal reticulum cell (Figs. 3, 5, and 7) or Sternberg Reed cell is generally regarded as the essential prerequisite for the diagnosis of Hodgkin's disease: lymphocytes, plasma cells, eosinophils, and polymorphs indicate a reactive process but their presence is valuable in establishing the diagnosis.
The abnormal reticulum cells were originally described by Sternberg (1898) and Reed (1902) , but the latter author's description of giant cells, which she claimed, were 'peculiar' to Hodgkin's disease, could fit numerous cells seen in other diseases of the reticuloendothelial system.
The form of abnormal reticulum cell which most histologists regard as pathognomonic of Hodgkin's disease is the binucleate (Fig. 6 ) 'mirror image' cell (Pullinger, 1932) . It is significant to find these cells in a gland when Hodgkin's disease is suspected, but they may be extremely difficult to find and the diagnosis could be missed.
The varying opinions as to what constitutes a Stemnberg Reed cell account for many of the diagnostic errors; Karnofsky (1966) There has been a tendency by some authors (Dawson and Harrison, 1961; Hanson, 1964) to accept the definition of the Stemnberg Reed cell given by Smetana and Cohen (1956) and an overall minimum cell diameter of 15 ,u was accepted. The exact definition, however, is not completely clear. Smetana and Cohen indicated that the nuclear membrane had many outcroppings and folds that often caused the cell to appear multinucleated.
Later they also indicated that the cells with single, not folded, nuclei and amphoteric nucleoli were not diagnostic of Hodgkin's disease. Dawson and Harrison, however, described Steinberg Reed cells with single round nuclei and also cells with two or more discrete nuclei.
Lukes and Butler (1966) also emphasized the variation in the cytological features of Sternberg Reed cells, but they regarded only cells with characteristic 'multinucleated, binucleated and lobated forms with huge inclusion-like nucleoli' as reliable and essential for the diagnosis of Hodgkin's disease, and they considered that the mononuclear forms with similar nuclear and cytoplasmic appearance could be found in lymphoid reactions of viral infections.
The criteria of Smetana and Cohen (1956) and Lukes and Butler (1966) Dawson and Harrison (1961) . The criteria were the proportion of mature lymphocytes (Fig. 3) ; the presence of plentiful mature histiocytes (Fig. 9) ; the presence of a pronounced nodular fibrous tissue pattern (Fig. 14) ; and the proportion of abnormal reticulum cells and their degree of anaplasia (Figs. 4, 6, 7, and 8 
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Reticulum cells Normal reticulum cells could be recognized, but the abnormal cells outnumbered them, and in contrast to the lymphocytic type, they were arranged in irregular collections throughout the gland. Pleomorphism and hyperchromasia were prominent features, and although there were a number of cells with a single nucleus, the proportion of binucleated cells was greater than in the lymphocytic type. In addition, the infolding of the nucleus was more pronounced, the chromatin pattern was coarser and arranged in irregular clumps: the halo surrounding the nucleolus was more pronounced than in the reticular lymphocytic type: the nucleolus was large, round, or sausage shaped, often staining bright red. Necrobiotic cells were a prominent feature; they varied considerably in size and pattern, and were easily recognized. In the abnormal reticulum cells mitotic figures were present in varying numbers.
Other cells Eosinophils and plasma cells were always present in varying numbers, diffusely spread throughout the gland, or collected in groups. POORLY Jackson and Parker (1944) has always caused some difficulty. The incidence recorded by various authors, as shown in Table I , varied from 1 to 10%. Other authors (Lumb and Newton, 1957; Symmers, 1958) Lymphocytes Less than 50% of the cell popula-tion were normal lymphocytes, and they were often found in small groups. Reticulum cells Normal reticulum cells were rarely found, and abnormal reticulum cells comprised 50 to 80% of the total cells. Pleomorphism and hyperchromasia were pronounced. Multinucleated cells were prominent, and typical binucleate cells were easily found, but a high proportion of the cells had a single nucleus. The chromatin pattern in most of the cells was coarse and irregularly dispersed throughout the nucleus. The nucleolus was large, mainly round, and appeared bright red. Abnormal mitotic figures were numerous. The presence of large numbers of necrobiotic cells was a special feature.
Other cells Plasma cells and eosinophils were prominent, and numbers of polymorphs were associated with necrotic areas.
ANAPLASIA IN THE ABNORMAL RETICULUM CELLS
Apart from the proportions of the different cell types used to divide cases into well and poorly differentiated there was also a difference in the degree of anaplasia of the abnormal reticulum cells in the three types; those in the lymphocytic reticular were less anaplastic than those in the well differentiated reticular type, and those in the poorly differentiated reticular type showed the most anaplastic features of all. A summary of the criteria used is seen in Table II. Lymphocytic reticular type The majority of the abnormal reticulum cells were single (Fig. 4) , but binucleated and multinucleated cells were occasionally seen in which all the lobes had similar characteristics. The nuclear membrane was thin with a few dots upon it. The chromatin pattern was delicate and lightly stained. The nucleolus was generally small and stained weakly eosinophilic.
Well differentiated type Although the majority of the abnormal cells had single nuclei the number of binucleated and multinucleated (Fig. 6 ) cells was greater than in the lymphocytic type. The nuclear membrane was thickened and the chromatin pattern was coarse and arranged in irregular collections. There was a characteristic lack of chromatin round the nucleolus which produced a 'halo' effect. The nucleolus was invariably four times the normal size, and stained bright red with haematoxylin and eosin.
Poorly differentiated reticular type The outstanding feature was the degree of pleomorphism and hyperchromatism with large numbers of multinucleated cells (Fig. 8) . In the more primitive types, however, the majority of the cells had a single nucleus and binucleated cells were sometimes difficult to identify.
The nuclear membrane was thickened and the chromatin arranged in dense clumps, again producing a 'halo' effect around the large nucleolus. Although there was marked infolding of the nucleus, distinct lobules were rarely seen, and the nucleus presented large irregular amoeboid projections, producing bizarre configurations. Abnormal mitotic figures were plentiful.
HISTIOCYTIC GROUP
In addition to the abnormal reticulum cells, the findings which placed a lymph gland in the histiocytic (Fig. 11) . Caseation necrosis was not found, and all attempts to demonstrate tubercle bacilli have proved negative. 2 Pathognomonic abnormal reticulum cells, which were always multilobed, measuring 20 to 40 ,t in size, were present. Some of them had the nuclei arranged in a haphazard manner throughout the cell, while others appeared to have the nuclei arranged in a horse-shoe pattern. In both types, however, the nuclei showed infolding of the membrane, the chromatin pattern was irregular, and the nucleolus was often prominent (Fig. 13) . PATTERN Apart from the generalized increase of density of the reticulin there was no specific pattern such as lobular formation.
RETICULUM CELLS All the cells, as described in the reticular group, were found.
OTHER CELLS Plasma cells and eosinophils were prominent in all cases.
On the basis of the criteria used to subdivide the reticular group, ie, more or less than 50 % of the total cell population as normal lymphocytes, the proportion of abnormal reticulum cells and the degree of anaplasia, the patients in the histiocytic group were classified as of the well differentiated type (7 %) and the pathology is seen in Figs. 9 findings. In 287 patients, the diagnosis of Hodgkin's disease was established on examination of the lymph gland, on average, within 14 days of presentation of the illness. To determine the incidence of the disease, all patients who presented before January 1967 were accepted in the series. On histological appearances, each patient was allocated to one of the seven types, the distribution of which is summarized in Table III.   TABLE III The reticular group, with 200 (70 %) patients, was the largest, followed by the nodular sclerosis group with 48 (17%) patients, and the histiocytic group with 39 (13 %) patients.
Subdivision into the various types showed that the poorly differentiated reticular type was predominant, with 97 (33 %) patients, followed by the well differentiated reticular type, with 77 (27 %) patients, and the well differentiated nodular sclerosis type with 36 (13%) patients.
The lymphocytic reticular type, with 26 (9 %) patients, is similar to the incidence of paragranuloma cases in other series (Smetana and Cohen, 1956; Wright, 1956; Lukes and Butler, 1966; Hanson, 1964) .
Since 1964, the incidence of nodular sclerosis (Cross, 1968) Fibrosis, in general, has long been recognized as an integral part of the lymph gland appearance in the evolution of Hodgkin's disease (Jackson and Parker, 1944; Smetana and Cohen, 1956 ) and there seems little doubt that fibrosis, as seen in a specific nodular pattern (Lukes and Butler, 1966; Hanson, 1964; Harrison, 1966; Cross, 1968) , plays a significant part in the survival time.
Little attention has been paid to the presence of histiocytes in the lymph glands of patients with Hodgkin's disease, although Harrison (1952) , Smetana and Cohen (1956), Wright (1956) , and Symmers (1958) made occasional references to sarcoid-like features of Hodgkin's disease. Lukes and Butler (1966) emphasized the association of lymphocytes with reactive histiocytes in certain cases but, as previously indicated, they referred to cells known as normal reticulum cells and not the histiocytes seen in sarcoidosis. Histological appraisal of the glands in this series indicated a relationship between the presence of significant numbers of epithelioid histiocytes and long survival of the patient.
Survival figures were estimated by accepted statistical methods, and only patients who presented before 1 January 1965 were included. The cumulative survival method was used, and results are shown in Figure 19 . The curves of lymphocytic reticular, well differentiated histiocytic and well differentiated nodular sclerosis types are similar and distinct from the curve of the well differentiated reticular type; the curves of all three poorly differentiated types show a similar steep gradient. The two-, five-, 10-, and 15-year survival rates (Table IV) show that within each group the survival rates for the well differentiated types are significantly higher than the survival rates for the poorly differentiated types.
The two-year survival rate for the poorly differentiated reticular type is significantly lower (at the 5 % confidence level) than the survival rate for the poorly differentiated histiocytic and nodular sclerosis types combined.
The five-year survival rate for the well differentiated reticular type is significantly lower than the survival rates for the well differentiated histiocytic and nodular sclerosis types.
There is no significant difference in the survival rate between the lymphocytic reticular type and the well differentiated histiocytic type and the well differentiated nodular sclerosis type.
In the lymphocytic reticular type the two-year and five-year survival rate of 100 %, the 10-year rate of 73 %, and the 15-year rate of 30% support the view that there is a good prognosis in cases which show large numbers of lymphocytes. This is also demonstrated in the 100% two-year survival rate of the well differentiated types, compared with the highest (60%) two-year survival rate in the poorly differentiated types.
There is a significant relationship between survival time and the presence of histiocytes and fibrous tissue, and, although lymphocytes are not so numerous in the well differentiated histiocytic and nodular sclerosis types, as in the lymphocytic reticular type, all three types show a similar excellent prognosis in the five-, 10-and 15-year survival rate. The prognosis in all three poorly differentiated types is poor, and, although the numbers of poorly differentiated histiocytic and nodular sclerosis types are small, there is some suggestion that they have a slightly better prognosis than the poorly differentiated reticular type. Multiple biopsies of the same patient, taken at various intervals during the course of the illness, indicated the tendency to maintain group specificity. In each case there was a gradual depletion of the numbers of lymphocytes and increase in abnormal reticulum cells, and the latter, in time, showed a more anaplastic appearance. The progress, therefore, was always toward the poorly differentiated in each group and never the reverse.
From these findings it is considered that histological assessment of the lymph gland in Hodgkin's disease can make a valuable contribution in assessing prognosis. Further improvement can be achieved by a combination of histological and clinical findings; this will be the subject of a future communication. 
